Background: This study aimed to enhance understanding of the epidemiologic characteristics of asbestos-related diseases, and to provide information that could inform policy-making aimed at prevention and compensation for occupational asbestos exposure, through analyzing asbestos-related occupational disease claims to Korea Workers' Compensation and Welfare Service from 2011 to 2015. Methods: We analyzed 113 workers who filed medical care claims or survivor benefits for asbestos exposure and occupational-related disease from 2011 to 2015. Among these claims, we selected approved workers' compensation claims relating to malignant mesothelioma and lung cancer, and analyzed the general characteristics, exposure characteristics, pathological characteristics, and occupation and industry distribution.
Background
In Korea, extensive exposure to asbestos began with the development of asbestos mines during the 1930s. Asbestos use decreased temporarily from 1945, after liberation from Japanese occupation; however a significant amount of asbestos was imported during the 1970s and was widely used in building materials, machine componentry, and insulation material. Even today, although the use of asbestos in insulation and soundproofing materials has been minimized or banned, workers and citizens are constantly exposed to asbestos during the processes of building demolition and reconstruction [1] .
According to Ahn et al. (2009) , compensation for occupational malignant mesothelioma and lung cancer associated with asbestos exposure, in accordance with the Industrial Accident Compensation Insurance Act, was made for the first time in 1993 in respect of malignant mesothelioma, and in 1998 for lung cancer. Subsequently, a total 19 cases of malignant mesothelioma and 41 cases of lung cancer were recognized as asbestos-related occupational cancers by 2007 [2] . Moreover, between 1994 and 2011, the percentage of claims involving asbestos exposure among 179 workers who received worker's compensation for occupational lung cancer was 48.6% (n = 87) [3] .
However, because there are no official data from the Korea Workers' Compensation and Welfare Service (KCOMWEL), it is impossible to know the exact scale of worker compensation due to asbestos exposure. Moreover, even the analysis of industrial accidents published annually by the Ministry of Employment and Labor, which are considered to be the only statistics on worker compensation associated with asbestos exposure, only included asbestos-related statistics starting from 2002.
In 2011, the first year when the Ministry of Environment implemented the Asbestos Injury Relief Act, 249 people received compensation for asbestos-related diseases, such as malignant mesothelioma, lung cancer, and asbestosis pulmonum. However, only 22.5% (n = 56) of these people had been exposed to asbestos purely from environmental exposure. On the other hand, 25.3% (n = 63) were found to have been exposed to asbestos due to their occupation, and 41.4% (n = 103) had been exposed to asbestos through both their occupation and environment. The total percentage of people with occupational exposure was 66.7% (n = 166) [4] . Therefore, although it is likely that there were many more cases of people contracting asbestos-related diseases than those workers compensated in accordance with the Industrial Accident Compensation Insurance Act, the actual situation could not be identified due to a lack of accurate statistics for such cases.
Internationally, many countries have recognized asbestos as a hazard and have begun implementing laws for restricting the production and use of asbestos. Korea implemented a complete ban on asbestos use, starting in 2009. However, considering the amount and duration of asbestos use in Korea up to that point, a continued increase in asbestos-related damage to health is anticipated [5] [6] [7] .
Asbestos-related diseases have a long latency period and manifest in various patterns; therefore, management of asbestos exposure may be the most important consideration. This study attempted to analyze asbestos-related diseases that had been listed as occupational disease claims to KCOMWEL between 2011 and 2015. With the findings, the study aimed to improve understanding of the epidemiologic characteristics of these diseases, and to provide useful information to help inform policies for asbestos-exposure prevention and compensation for exposed workers [2] .
Methods

Data source and claims analysis
We applied to KCOMWEL for access to their database and to epidemiologic survey reports that could identify claims filed for medical treatment or survivor benefits for asbestos exposure-related occupational diseases between 2011 and 2015. We received data for a total of 142 claims. After excluding 10 duplicate claims, 12 claims with information missing in the epidemiologic survey, and 7 claims for diseases unrelated to asbestos exposure (i.e. breast cancer), a total of 113 claims were selected for analysis.
Analysis details
We classified the asbestos exposure-related diseases into 3 types: malignant mesothelioma, lung cancer, and other respiratory diseases, including asbestosis pulmonum [8] [9] [10] . Among these, malignant mesothelioma and lung cancer cases that had been approved as industrial accident claims were analyzed after dividing them into categories based on general characteristics, exposure characteristics, pathological characteristics, and industry and occupation distribution [ Table 1 ].
Results
Workers' characteristics concerning approved and unapproved claims
Among the approved claims, malignant mesothelioma (n = 39, 43.3%) and lung cancer (n = 38, 42.2%) were most common diseases, followed by asbestosis pulmonum (n = 5, 5.6%), and other respiratory diseases (n = 8, 8.9%). Other respiratory diseases included interstitial lung disease (n = 3, 3.3%), pleural plaque (n = 2, 2.2%), laryngeal cancer (n = 2, 2.2%), and idiopathic pulmonary fibrosis (n = 1, 1.1%). Among the unapproved claims, lung cancer (n = 15, 65.2%) was the most common disease. The mean duration of exposure for approved and unapproved claims was 20.5 and 11.7 years, respectively, showing a significant difference (Tables 1 and 2 ).
Workers' general characteristics concerning approved claims
In both malignant mesothelioma and lung cancer, males accounted for the overwhelming percentage: 89.7% (n = 35) in malignant mesothelioma and 94.7% (n = 36) in lung cancer, respectively. The mean age at diagnosis for malignant mesothelioma and lung cancer was 59.5 and 59.7 years, respectively. Among those approved for malignant mesothelioma, 46.2% (n = 18) had a history of smoking, with a mean pack-years of 17.4. Among those approved for lung cancer, 60.5% (n = 23) had a history of smoking, with mean pack-years of 26.3. In terms of regions where the workers' companies were located, the Busan-Ulsan-Gyeongnam region showed the highest percentage for both malignant mesothelioma (n = 17, 43.6%) and lung cancer (n = 19, 50%) ( Tables 2 and 3 ).
Workers' exposure characteristics concerning approved claims
The 1970s produced the highest percentage of first exposure to asbestos for malignant mesothelioma (n = 25, 61.5%) and for lung cancer (n = 20, 52.6%). Concerning age at first exposure to asbestos, the age group between 20 and 29 had the highest percentage of malignant mesothelioma (n = 18, 46.2%) and lung cancer (n = 23, 60.5%). For malignant mesothelioma and lung cancer, the mean duration of exposure to asbestos was 19.9 and 21.7 years, respectively, while the mean latency period was 34.1 and 33.1 years, respectively (Tables 3 and 4) .
Workers' pathological characteristics concerning approved claims
The most common primary site of malignant mesothelioma was the pleura (n = 23, 59.0%), followed by the peritoneum (n = 11, 28.2%). Among lung cancer claims, a higher percentage of cancers were located in the lower lobe (n = 18, 47.4%) than in the upper and middle lobes combined (n = 16, 42.1%). Histological analysis of lung cancer claims showed that 19 claims involved adenocarcinoma, which accounted for half of all claims, followed by squamous cell carcinoma (n = 12, 31.6%) and small cell lung cancer (n = 3, 7.9%) ( Tables 4 and 5 ).
Workers' distribution by industry and occupation concerning approved claims
Industry types were classified into 4 categories based on existing relevant studies: 1) manufacture of products using asbestos as a raw material; 2) use of asbestos-containing products in the manufacturing process; 3) handling of asbestos-containing products during work; and 4) miscellaneous [11] . Each industry type was subdivided according to the 10th edition of the Korean Standard Industrial Classification (KSIC). The highest number of malignant mesothelioma cases involved those working in industries that handled asbestos-containing products (n = 29), followed by industries that manufactured products using asbestos as a raw material (n = 9), and using asbestos-containing products in the manufacturing process (n = 1). The highest number of claims were identified within the construction industry (n = 12), followed by the manufacturers of asbestos textiles (n = 4), and those installing electrical equipment (n = 4) ( Table 5 ).
The highest number of lung cancer cases was found in industries involved in handling asbestos-containing products at work (n = 24), followed by industries involved in manufacturing products using asbestos as a raw material (n = 11), miscellaneous (n = 2), and industries involved in the use of asbestos-containing products within the manufacturing process (n = 1). The highest number of lung cancer cases were found in the shipbuilding industry (n = 8), followed by the slate manufacturing industry (n = 5) ( Table 5 ).
Discussion
Among the diseases for which claims were approved, asbestosis pulmonum (n = 5, 5.6%) occurred less frequently than malignant mesothelioma and lung cancer. In the past, detailed criteria for determining asbestosis pulmonum in the enforcement decree of the Industrial Accident Compensation Insurance Act have been insufficient. However, with the implementation of asbestos screening meetings in 2016, the criteria for disability and treatment related to asbestosis pulmonum became more specific, which may result in a change to the percentage of asbestosis pulmonum cases in future. In 1987, the International Agency for Research on Cancer (IARC) classified asbestos as a Group 1 carcinogen capable of causing malignant mesothelioma, lung cancer, asbestosis pulmonum, pleural disease, laryngeal cancer, and ovarian cancer in humans [12] . We identified 2 workers who received approval for laryngeal cancer claims recognized as industrial accidents. One worker employed for 13 years at a shipyard was exposed to asbestos as a result of installing ceilings, walls, and partitions inside ship cabins, while another worker was exposed to asbestos at construction sites while employed for 38 years as a supervisor for a construction company.
The present study identified 39 cases of malignant mesothelioma and 38 cases of lung cancer associated with asbestos exposure which were approved for industrial accident compensation during the 5-year period from 2011 to 2015. These figures represented a significant increase from 19 and 41 approved cases of malignant mesothelioma and lung cancer, respectively, over a 15-year period between 1993 and 2007 [2] .
Meanwhile, 3664 people filed for asbestos injury relief during a 7-year period between 2011 and 2017, which far exceeded the number of those who filed for industrial accident insurance and, among them, 2599 received approval. In light of a 2012 report by the Korea Environment Corporation, it is suspected that approximately two-thirds of the people who received approval may also be those who may have had occupational asbestos exposure [4] . Considering this, the actual number of people with asbestos-related diseases due to occupational exposure may be much higher than reported in the present study. However, because there are no accurate statistics on this, the current status cannot be determined [2] .
Statistics on malignant mesothelioma in Korea reported a sex ratio of 195.6; however, the sex ratio in the present study was 875.0 [13] . We consider the reason for this large ratio difference is due to asbestos-exposure occupations tending to involve a relatively higher percentage of male workers.
In previous studies, the mean age at diagnosis with malignant mesothelioma and lung cancer was 53.1 and 50.6 years, respectively [2] , whereas the mean age in the present study was higher at 59.5 and 59.7 years, respectively. Such differences may be attributed to the large volume of imported asbestos used in building materials, machine componentry, and insulation materials during economic development in the 1970s, coupled with the latency period of asbestos-related diseases being between 10 and 50 years [1, 14] . Meanwhile, the mean latency period of malignant mesothelioma and lung cancer in previous studies has been reported as 22.6 and 22.1 years, respectively [2] , whereas the mean latency period in our study was much longer, at 34.1 and 33.1 years, respectively. Gemba et al. (2012) reported that the age of 607 patients at the time of malignant mesothelioma diagnosis associated with occupational exposure to asbestos in Japan was between 25 and 94 years (median, 68 years), while the latency period was between 13 and 81 years (median, 43 years) [15] . Kishimoto et al. (2003) reported that the age of 120 patients at the time of diagnosis with asbestos-related lung cancer was between 47 and 87 years (median, 70 years), while the latency period was between 15 and 69 years (median, 43 years) [16] . These two Japanese studies reported higher ages at diagnosis and longer latency periods than results from Korean studies.
The highest percentage of workers approved for lung cancer due to asbestos exposure have been reported as coming from the Busan, Ulsan, and Gyeongnam region at 29.2% [2] ; however, our study identified 50% of workers coming from the same region. We consider this higher percentage was due to the first asbestos textile factory being established in 1969 in Busan, and subsequently, most of the factories that manufactured asbestos textiles being located in the Busan, Ulsan, and Gyeongnam region, while ship repair and shipbuilding industries began to be fully operational in the same region from the 1970s [5, 14] . The Kang et al. (2016) study supports this interpretation in their analysis of changes in the distribution of asbestos-related industries in Korea using different timeframes [17] .
From a histological lung cancer perspective, a previous study reported in descending order adenocarcinoma (62.5%), followed by small cell lung cancer (18.8%), and squamous cell carcinoma (15.6%) [2] , whereas the present study identified a slight difference in order with adenocarcinoma (50.0%), squamous cell carcinoma (31.6%), and small cell lung cancer (7.9%). According to a study by Kishimoto et al. (2010) , the histological classification of 152 Japanese patients with asbestos-related lung cancer showed the same order as the present study with adenocarcinoma (55.9%), squamous cell carcinoma (25.7%), and small cell lung cancer (11.8%) [18] . Moreover, a study by Uguen et al. (2017) on the histological distribution of 146 French patients with asbestos exposure-related lung cancer also reported the same order as the present study with adenocarcinoma (45.9%), squamous cell carcinoma (38.4%), and small cell lung cancer (4.8%) [19] . Meanwhile, according to data published in 2016 by the Korea Central Cancer Registry, histological classification of all 24,007 cases of lung cancer that occurred in Korea in 2014 also showed the same Manufacturer of textile containing asbestos (4) Manufacture of products using asbestos as raw material
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Building of ships (8) Welder (6) Slate roof painter (1) Cleaner of waste in ship (1) Building maintenance and repairman (1) Ship demolition worker (1) Construction (4) Plumber ( Cleaner of warehouse containing asbestos products (1) Electricity and cable setting man (1) Elevator installer (1) Construction: installing electric equipment (1) Closed-circuit television installer (1) Building of ships (3) Welder (1) Plumber ( Asbestos mine investigator (1) order of adenocarcinoma (43.5%), squamous cell carcinoma (22.5%), and small cell lung cancer (11.4%) [20] . In summarizing these results, asbestos-related lung cancer in Korea seems to follow the same histological distribution of asbestos-related lung cancer in other countries and general lung cancer among Koreans. Under the current laws, government compensation for people who have contracted an asbestos-related disease is either assessed through the Industrial Accident Compensation Insurance Act that compensates claims involving occupational exposure, or through the Asbestos Injury Relief Act that compensates claims involving environmental exposure. However, asbestos has a very long latency period until it causes an associated disease, and many businesses that handle asbestos are small and most of those businesses have closed due to decreased asbestos use. Therefore, victims of previous occupational exposure to asbestos face difficulties proving that they actually performed asbestos-related work.
Compensation for victims of occupational asbestos exposure through industrial accident insurance, and not through the Asbestos Injury Relief Act, is more in line with the original intent of the Industrial Accident Compensation Insurance Act. Moreover, from an economic perspective, compensation paid through industrial accident insurance is much higher than that paid through the Asbestos Injury Relief Act. Therefore, for the occupational asbestos exposure victims who have difficulty proving their work history, it is necessary to recognize a variety of data sources, such as the testimony of co-workers, company personnel data, industrial accident insurance, health insurance, and employment insurance, in a similar manner to that of patients with coniosis who worked in the mining industry. If the current system of issuing health management pocketbooks could be reinforced to identify the source of exposure and high-risk groups, such measures may help to predict and manage future occurrences of asbestos-related diseases [14] . Moreover, instead of adopting a passive stance in simply accepting that compensatory relief will be available for the future onset of asbestos-related disease, more attention should be paid to asbestos-related disease prevention projects, including highlighting the dangers of asbestos and providing further education concerning the risks of smoking in asbestos exposure-related high-risk groups.
The present study could not analyze the data of those who had a history of asbestos-related work among those approved for compensation under the Asbestos Injury Relief Act between 2011 and 2017. Therefore, we were not able to accurately identify disease due to occupational exposure to asbestos and this was a limitation of the study. However, the study analyzed all workers who were approved for compensation under the Industrial Accident Compensation Insurance Act for asbestos-related diseases in the 5-year period between 2011 and 2015. The findings of the present study may be useful in establishing new policies and provide improved understanding of asbestos-related diseases among Korean workers.
Conclusions
The latency period of asbestos is known to be between 10 and 50 years, while there has been a gap of between 30 and 40 years from when each country began regulating asbestos use to incidences of related diseases beginning to decrease [14, 21] . Accordingly, considering that asbestos has a long latency period and the peak period of asbestos use in Korea was the mid-1990s, the damage caused by asbestos-related diseases is expected to show a continued increasing long-term trend. According to Kwak et al. (2017) , 3579 new cases of malignant mesothelioma are anticipated in Korea over the next 20 years, and the incidence rate is also expected to be higher between 2029 and 2033 than between 2009 and 2013 [22] .
Given there have been few studies on epidemiologic analysis on asbestos-related diseases, the findings in the present study provide baseline data for predicting and preparing for future occurrences of asbestos-related disease. In addition, these findings may play a key role in promoting understanding of the characteristics of asbestos-related occupational diseases, and may guide policies designed to prevent and compensate for occupational exposure to asbestos [2] .
